Obiect. To draw normal dispersion curve by using a speg,
bject. 2 , '
trometejr and determinc the Cauchy’s constants

Apparatus : Spectrometer, mercury lﬁ]ﬂp, ;;iésm, diffraction

ing, spirit-level, reading lens, reading lamp, cte. o——
grating, sp ter : It is an important laboratory 1ns atings

Speetr}?:l esteurdir of spectra produced by prisms al?d g(;);' spec:‘
15Se(}dfeorméasu.rcment of dispersive powers, Wavfle:lligatss |
’Ic?;l lines and the refractive indices of solids and lig

|
i a prism-table and a teles-
Its essential parts arc a collimator, a prism-table ¢
cope (fig. o).

Collimator

(Fis. 6 ‘

(I) Collimator : It consists of a metallic tube. whose axis
is fixed and horizontal. At one end of the tube there is a convet-
ging lens L,, and at the other end is a d

raw tube of metal carrying ‘

a slit, the width of which can bz varied by means of a screw, The

main tube is provided with a rack and pinion arrangement {0
move the draw tube inside it.

(2) Prism

on which the

'lfable: Itisa circularvtable

provided with a platfor® |
Prism (or grating) is placed.

The platform can b“




o
)

' the material of the prism.
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rﬁised to a suitable height and can »
be rotated along with the prism T~
table about the axis of the spectro- M
meter. The rotation of the table 800 v~ e

be measured by noting the o i .. .
;aolgitions of the two verniers Ig: and {7 // /// — \\\\\ \\1\
v, on a citcular scale. Parallel
lines and concentric circles are
drawn on the platform. They Y1 \\% 4
help in placing the prism in the oS4
desired position. The platform is SRS~ = ok

. - : 2y
provided with three # levelling NN - e ey
screws P, Q and R (Fig. 7) while ~———"
the table is provided with clamping
and tangent screws, (Fig.7)

(3) Telescope : It is a horizontal metallic tube having an achro-
matic convex lens L, at one end. At the other end it carries a
short coaxial tube containing the cross-wires. Within this tuhe
slides another small tube containing a Ramsden’s eyepiece. T e
distance between the objective and the cross-wires can be alter d
by a rack and pinion arrangement, while that between the cro s-
wires and the eyepiece can be altered by hand. The telescope ¢ n
be rotated about the axis of the spectrometer and is provided w th
levelling screws, as well as with clamping and tangent scre s.
Its position can be read on the circular scale (which is attached to

it) by means of verniers V1 and V.

Theory : The normal dispersion curve is a graph of the refr c-
tive index p of a prism of a given material against the wavelen th
of light, A, in the visible region. It can be fairly-accurately repac-

sented by Cauchy’s equation
B
p=A+ ek
where 4 and B are Cauchy’s constants which are characteristic of
Therefore, in order to determine A

and B, we have to determine p and A.

w for a particular wavelength{can
the angle of prism A4, and the angle
Produced by the prism in that wavelength.

" Al3m)
Sll‘l( 5 :

be determind by measu ing
of minimum deviation &
‘The formula is

PR T
“ : (A)
sin |,

Yk cf the

The proof of this formula has been given in the beginning

~ Chapter.



!'Aiz(e-f-d) sin 6 . |
’ n

The proof of this formula has also been given in the beg; ,,
the chapter.

Adjustment of the Spectrometer : _The following adjustmen
are made in a spectrometer before use :

(1) Focussing the Eyepicce on the cross-wires :  The telescon

18 directed towards an illuminated surface (say, a white wall) apg &
the distance between the cross-wires and the eyepiece is alte
until the cross-wires are seen as distinet as possible. This focuses !
the eye-picce on the cross-wir s. '

(ii) Focussing of Collimator and l'elescope for Parallel Light
[Schuster’s Method| ~The shit of the collimator is made vertical and
narrow, and illuminated with sodium light (or mercury light). The
Prism is placed approximately in the position of minimum devig.
tion. The prism table is now rotited slightly away from this po&
tion br‘ninging the refracting edge of the prism towards the teles-
cope (Fig. 8 a). The telescope is rotated until the refracted 1mage
_(or the Spectrum) becomes visible in the field of view. The telescope
IS ROW focussed on the image as distinctly as possible.

v

R
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The prism table is now rotated slightly to the other side
mininaum deviation position so that thcgrcfl},actin g c:dgecéosclsd t“o(\?fa?cllz
the collimator (Fig. 8 b). Now the collimator is focussed until on
jooking through the telescope the image (or spectrum) is again as
distinct as possible. This process is repeated by alternately focusin
the collimator and telescope until the rotations of the prism do no%:
cause the 1mage (or spectrum) to go out of focus. When this is the
case, both the collimator and the telescope are in good adjustment
the former for rendering a beam of light parallel, and the later fo;
focussing a parallel beam of light. ’

(iii) Adjustment of the Prism table—The platform of the prism
table is made horizontal with the help of spirit-level and levelling
screws P, O angi R. The prism is then placed on the platform such
that the refracting edge coincides with the centre, and one of its
refracting faces, say AB (Fig. 9) is perpendicular to the line joining
1he two screws Q and R. The slit is illuminated with sodium (or
mercury) light and the prism table is rotated uniil the light falls
equally on both the faces 4B and AC bounding the refracting angle
A, The telescope is now rotated until the image reflected from the
face AB becomes visible. If the image does not lie at the centre of
the field of view then the levelling scTews Q and R are adjusted

until the image becomes central. Next
the telescope is 1otated to see the image
of the slit reflected from the face AC.
This image is made central in the field
of view by adjusting the levelling
screw P alone. When the images
reflected from both the faces of the
prism lie in the centre of the field of
view, then the prism table is said to
be optically levelled. _
Procedure : ‘The experiment 1S
performed in two parts : (i) usinga ;
prism, (ii) using a grating. In the (Figs 2) .
first part we measurc the angle of prism, and the angle of minimum
deviations for different spectral lines. In the second palt we mea-
sure the angle of diffraction for different spectral lines in a parti-

cular order and find the grating element. i
(i 2) Measurement of Angle of Prism (A)—The prism is placed

' i ' i le i.e., the
on the prism table as in the adjustment of the prism table i.e., the
refracting edge 4 coincides with the centre of the table and the face

4 ' i the line joining the two SCICWS Q and
R Py o v edJso that the light falls equally

R (Fig. 9). The table is now rotatec ,
on bo%h t)he facees AB and AC bounding the refracting angle A. - The
prism is then clamped. . : (.

The slit of the spectrometer i illuminated Wl;(lh V\{hllltte dlagnht
(mercury lamp). The telescope is rotated say, fo t ebrlg eflection
side and is clamped when the image of the slit formed by ©




2 “USCOPY’ 3‘

ce of the prism becomes visible in the field of view,

g; (t):ggf?nt screw t}L:e te}escope IS moved slowly unti] .its VeNiow’
cross-wire coincides with the image  Both the vernjeps th
spectrometer are read. The telescope is now rotated to the left hang
side and adjusted by means of the tangent screw such that the im&ge
of the slit formed by reflection at the other face of the Prism,
coincides with the vertical cross-wire, The verniers of the Spectpy
metzr are again read. Half the difference of the two readings of the
same vernier gives the refracting angle of the prism i.e, 4. .

(i b) Measurement of the Angle of Minimum Deviation (5,) ._
The prism is placed on the prism table such that the main axis of
rotation of the instrument passes through the circumcentre of the
prism, and the light dispersed through it is received in the telescope
i.e., the spectrum appears in the field of view. Now the prism
table is slowly rotated in such a direction that the deviation of the
rays decreases. The telescope is also rotated so as to keep the
spectrum in the field of view. The rotation is continued until the
Spectrum comes to momentary rest and then returns back. The
position of the prism at which the spectrum is just at rest is the

position of minimum deviation. The Lrism table is clamped in this
position.

The position of the telescope is so adjusted by means of the
tangent screw that the intersection of the cross-wire is, turn by turn,
exactly at the centre of the various spectral lines. The readings of
both the verniers are noted for each line,

Now the prism is removed without disturbing the prism table
and the telescope is turned to 1eceive the direct image of the slit on
the cross-wire and its position is again read. The readings of both
the verniers are again noted. The difference in the readings of the
same verniers are found. The difference in the readings of the
same vernier for this position and the Previous position of the tele-
igope for a particular spectral line gives the values of 3, for that

ine.

. (ii a) Measurement of the Angle of Diffractioy
mg adjustments are made with the giating,

(1) The grating is adjusted on the prism table s ight
from the collimator falls ‘normally’ op it—To do thiss uf}t:e ttl]'czllgsc:l;%)c
18 set in line with the collimator o that the direct im,a e of the slit
falls on the intersection of the cross-wires, The posﬁion of the

telescope is noted. The t i . g :
Position and clamped. elescqpe IS turned through 90° from this

€ axis : 1 '
_ ¢ular to that of the collimator, T%fethe 0P is now ffrp,fﬁgx;
, e

v (0)—The follow-

.. i Ievel]iq.g screws Q and R
oo slit obtained by reflection frq oW rotated til] the image of the

4k < : fom the syrfage o ing i '
on the intersection of the Cross-wireg (Fig. 1f ()t }[l;): %ﬁél?hgel: Sgﬁéﬁ
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Collimator

C

r Incident beam

7’

45°
'\r,/ s
Grating \|~ b, f \ A
Grating . v
45°

Telescope at 90°

=

Telescope at ¢’

(b)

(Fig. 10)
Its position is noted on any one vernier., The levelling screws Q and
R are adjusted until the image lies equally above and below the
intersection of the cross-wires.

In this position the gratingsurface is at 45° to the incident light.
From this position the prism table is rotated through 45° in the
proper direction so that the ruled surface of the grating is normal
to the incident light and faces the telescope. The prism table is
clamped in this position. -

(2) The Rulings of the grating are adjusted parallel to the
axis of the spectrometer—To do this, the diffracted images of the
slit (or the spectrum) are observed through the telescope. The
levelling screw p (Fig. 10 a) is now adjusted until the centres of all
the diffracted images lie at the same height in the field of view.

(3) The rulings are adjusted parallel to the slit— o do this,

“?ael Sll,lt is rotated in its own plane antil the diffracted images (spec-
Ines) are as sharp as possible. ik
d N(?W, to determine 6 for the lines whose wavqlengths axt'le % 12
rmined, the telescope is rotated to see those lines in the

Order op either side of the direct image. The t.clcsc(;.P]Cl istu:-l:lmf)y
tli’rmeans, of the tangent screw so that these lmesh aréadings o
bOth tohn the intersection of the cross-vylfes’T%gdtetlegcope is then

€ Verniers are taken for each line. nd the corresponding

turpe > ‘

caq.o (O the other s f the direct image, a " The
1eadip other side of the ‘are again taken. The
g e » th?ngrsst)f(') trl(lig rsame vernier for a parti-

trence between the two readi

R R ———



ves 20 for that line, from which 0 is found, Tp,
for the second order. pr%
(ii b) Determination of the .Gra'ting Element  (c-y. d; |
determined from the numhcr ol‘rul.lngs per ynch on the gra:-i‘ ‘
(this is written on the grating). If this number is N, then n t
b

cular line g
is repeated

N (¢-}-d)=1 inch=2'54 c¢m.
(c—l—d)z‘zlj\sj4 cm.

Observations : (1) Table for the Angle of Prism (A) :
Least count of the spectrometer vernier=,,,

No.

Light reflected from the

Light reflected from the
face AC

face AB

Main
scale

Main
/reading

Scale
reading

Vernier

Total
reading

Vernier
reading

Total
reading

Vernier
reading

W N = wN,__l

Mean 2A4 \

(e T

(2) Table for the Angle of Minimum Deviation [Sm].

l

S. No.

Spectral
line

|

O 00 0O\ LD N —

Vernier reading in
Minimum devia-
tion position

Vernier reading
in Direct
position

Angle of mini-
mum deviation

(3m)

=)

(colour)

Mean &
(a—c) + (b—d)

Vg 7
(b)

V1
(a)

V

: V
()

2 Vl V2
(d)

(a—c) | (b—d)

e b —— ——

- ——

. |

BSIRE—_ .
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Reading of the prism 1ahe when n‘&ud image ooinliul v&

Reading of the prism ta)) Crosswire =
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e
Vernier reading] Vernier rcadm
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A similar table is drawn for the sezond ord :r (n-=2) spectrum.
(4) No. of lines per inch on the grating N=......
. Y
gratng element (e--d)= VAR TIRE cm,
Calculations : Table for the determination of 1., )\ and 1/A2

l . A+3, . )= letd)sin b |
- Spectrall  SIN =519 of Ist § of 2nd ° n Mean|| \t
| line p=— ——| order | order n=I for Istorder A

v Sin 4/2 & n=2 for 2nd order|




We plot a graph‘ between the refractive index ¢, .
corresponlziing wavelength A, The curve so obtained (ﬁg.u] la)nig ::

normal dispersion curve.
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(~ig. 11)

In order to calculate the Cauchy’s constants, we plot a curve
between % and “1/2* as shown in fig. 12. The curve 56 obtainedil
a straight line. Its slope gives us the constant ‘B’, and its intercept
on the i axis gives the constant ‘4’

v
Y ' B,
,uagainlst %z
g
[}
h
' e
! Ce'zuchy S constant
: /'\20 R=eeee. el
. T B=tan«
: ko DA
3 i < °_(__-_ WY
R s B i Bk g
A
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s

(Fig. 12)
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From fig. 12 we have

/’M()Rﬂnuo.lo
MS
. TP T eecm?,

Results : (1) The curve for normal dispersion is represented
»n the graph plotted between p and ),
¢ .

(2) The values of Cauchy’s constants obt

o . A=......
[, 1 ] B=,, ... cme,

ained from graph

Precautions :

(1) The adjustmsnt of the spectrometer should be done svste-
matically. The collimator and the telescope should pa adjusted

for parallel rays and the prism table should be levelled mechani-
cally as well as optically.

(2) The slit should be vertical and narrow and uniformly
illuminated along its length.

(3) The ruled surface of the grating should face the telescope
and should be normal to the incident light.

(4) The readings of both the verniers should be noted and
the difference of the readings should be taken for the same vernier.

(5) The surface of the prism or the grating should not be
touched with fingers.

- Criticism—The Cauchy’s equation does not exactly agree with
the experimental normal dispersion curve. It is in fact an approxi-
mation to ‘Sellmeier’s equation’ given by

ap\?
el
Where @, and A, are two constants, the latter being the wavelength
' vacuum, This equation gives a more accurate representation of
k10 regions far from absorption bands than does the Cauchy
¢quation with same number of constants,

If the Cauchy’s formula is taken to three or four terms, it rep-
cosents the experimental facts more accurately but proves unsatis-
factory when applied to the region of infra-red. It also fails to
account for the anomalous dispersion.
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